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PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re application of: Suguru ITO et al. 

Serial No. : Not Yet Assigned 

(§ 371 of international application No. PCT/JPOO/07160) 

Filed: April 15, 2002 

For: RUBBER, RUBBER COMPOSITION, AND CROSSLINKED OBJECT 

PRELIMINARY AMENDMENT 

Commissioner for Patents 

Washington, D.C. 20231 April 15, 2002 

Sir: 

Prior to the calculation of the filing fees of the above application, please amend the 
application as follows: 

IN THE CLAIMS : 

Please amend claims 4-10 as follows: 

4. (Amended) The nitrile group-containing highly saturated copolymer rubber according 
to claim 1, wherein the sum of monomer imits (c) and monomer units (d) is in the range of 50 to 
80% by weight. 

5. (Amended) The nitrile group-containing highly saturated copolymer rubber according 
to claim 1, wherein the sum of monomer units (c) and monomer units (d) is in the range of 55 to 
75% by weight. 
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6. (Amended) The nitrile group-containing highly saturated copolymer rubber according 
to claim 1, which is a product prepared by hydrogenating a copolymer of 1, 3-butadiene, an a, p- 
ethylenically unsaturated nitrile monomer, and a monomer copolymerizable with 1 ,3-butadiene and 
the a, P-ethylenically unsaturated nitrile monomer. 

7. (Amended) The nitrile group-containing highly saturated copolymer rubber according 
; ^ to claim 1 , wherein a, P-ethylenically unsaturated nitrile monomer is selected jfrom acrylonitrile, a- 
i5 chloroacrylonitrile, a-bromoacrylonitrile, methacrylonitrile and ethacrylonitrile. 

■^^ 8. (Amended) The nitrile group-containing highly saturated copolymer rubber according 

to claim 1, which has a number average molecular weight of 10,000 to 2,000,000. 

ast 

i.~,E. 

•11 

Q 9. (Amended) A crosslinkable rubber composition comprising 100 parts by weight of the 

m 

nitrile group-containing highly saturated copolymer rubber as claimed in claim 1, and 0.1 part to 10 
parts by weight of a sulfur-containing crosslinking agent or 0.5 part to 8 parts by weight of an 
organic peroxide crosslinking agent. 

10. (Amended) A crossUnked rubber product made by crosslinking the crosslinkable rubber 
composition as claimed in claim 9. 
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REMARKS 



The above amendment is believed to place the claims in proper condition for examination. 
Early and favorable action is awaited. 

Attached hereto is a marked-up version of the changes made to the claims by the current 
amendment. The attached page is captioned "Version with markings to show changes made." 

In the event there are any additional fees required, please charge our Deposit Account No. 



01-2340. 



Respectfully submitted. 



ARMSTRONG, WESTERMAN & HATTORI, LLP 



Atty. Docket No. 020520 
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1725 K Street, N.W. 
Washington, D.C. 20006 
Tel: (202)659-2930 




Reg, No. 32,878 



SGA/yap 



Suguru no et al Docket No, 020520 

VERSION WITH MARKINGS TO SHOW CHANGES MADE 



IN THE CLAIMS : 

Claims 4-10 have been amended as follows: 

4. (Amended) The nitrile group-containing highly saturated copolymer rubber according 
to [anyone of claims 1 to 3] claim L wherein the sum of monomer units (c) and monomer units (d) 
is in the range of 50 to 80% by weight 

5. (Amended) The nitrile group-containing highly saturated copolymer rubber according 
to [any one of claims 1 to 3] claim 1 . wherein the sum of monomer units (c) and monomer units (d) 
is in the range of 55 to 75% by weight. 

6. (Amended) The nitrile group-containing highly saturated copolymer rubber according 
to [any one of claims 1 to 5] claim 1 . which is a product prepared by hydrogenating a copolymer of 
1 , 3-butadiene, an a, P-ethylenically imsaturated nitrile monomer, and a monomer copolymerizable 
with 1,3-butadiene and the a, p-ethylenically imsaturated nitrile monomer. 

7. (Amended) The nitrile group-containing highly saturated copolymer rubber according 
to [any one of claim 1 to 6] claim 1 . wherein a, p-ethylenically unsaturated nitrile monomer is 
selected from acrylonitrile, a- chloroacrylonitrile, a-bromoacrylonitrile, methacrylonitrile and 
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8. (Amended) The nitrile group-containing highly saturated copolymer rubber according 
to [any one of claims 1 to 7] claim L which has a number average molecular weight of 10,000 to 
2,000,000. 

9. (Amended) A crossUnkable rubber composition comprising 1 00 parts by weight of the 
nitrile group-containing highly saturated copolymer rubber as claimed in [any one of claims 1 to 8] 
claim 1. and 0. 1 part to 1 0 parts by weight of a sulfur-containing crosslinking agent or 0.5 part to 8 
parts by weight of an organic peroxide crosslinking agent. 

10. (Amended) A crosslinked rubber product made by crosslinking the crosslinkable rubber 
composition as claimed in claim[6 or 7] 9. 
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RUBBER, RUBBER COMPOSITION AND CROSSLINKED PRODUCT 



TECHNICAL FIELD 
This invAnticn relates to a nitrlle group -oontainlng 
highly saturated copolymer rubber used as material for a 
aroasllnksd rubber product having excellent oil resistance, a 
crosslinkable rubber composition comprising the nitrll© 
group -containing highly saturated copolymer rubber, and a 
crosslinked pro<luat of the croaallnkable rubber composition. 

BACKGROUND ART 

Longer service quality and less maintenance are required 
for automobiles, and thus, greater durability is required for 
automobile parts. Especially, less volume change with time is 
required for rubber parts placed in contact With Oils such as 
gasoline and a lubricating oil. 

As rubber exhibiting less volume change with time when 
it is placed in contact with oils, a nitrile group --containing 
highly saturated copolymer rubber having a reduced content of 
carbon-carbon double bonds, namely, a hydrogenation product of 
a nitrile group- containing hydrocarbon rubber such as an 
acrylonitrile-butafliene copolymer rubber, was proposed, for 
example, in Japanese Unexamined Patent Publication No* S54- 
132647. A crosslinked product of the nitrile group- containing 
highly saturated copolymer rubber exhibits excellent resistance 
to rancid gasoline and to ozone, and thus, is widely used as 
sealing materials axid hoses in automobiles. However, the 
nitrile group -containing highly saturated copolymer rubber made 
by hydrogenating the copolymer tends to harden when it is placed 
in contact with oils such as gasoline and a lubricating oil, 
and thus, the rubber elasticity does not last for a long time. 
It is not known that a certain hydrogenation rubber product of 
a nitrile group- containing highly saturated terpolymer rubber 
having no tendency of hardening even when it is placed in contact 



with oils. 

Oils such as gasoline and a lubricating oil oooasionally 
contain trace amounts of condensed aromatics having a high 
boiling point such as a -naphthoic anthracene and phenanthr ene , 
which are residual ingredient© remaining without separation in 
a step of refining crude oil. It is presumed that the hardening 
in oil of a nitrile group-containing highly saturated oopol:yTn©r 
rubber occurs due to the fact that the condensed aromatics hinder 
movement of a high polymer chain in rubber. However, It is 
difficult to remove the trace amounts of condensed aroraatlos 
in a step of refining crude oil and to produce refined oil 
products such as gasoline and a lubricating oil, which do not 
harden the nitrile group- containing highly saturated copolymer 
rubber. Therefore, there has been a demand for an improved 
nitrile group-containing highly saturated copolymer rubber 
exhibiting reduced tendency of hardening even when it is placed 
in contact with refined oil products, 

A highly saturated copolymer rubber having an improved 
cold resistance is known, for example, in Japanese Unexamined 
Patent Publication No. S63-95242, which is made by hydrogenating 
a copolymer prepared by copolj^erlzation of an a , /3 » 
ethylenically unsaturated nitrile monomer, a conjugated diene 
monomer and an unsaturated carboxylio acid monomer. A 
crosslinked product of this highly saturated copolymer rubber 
contains only a minor amount of nitrile monomer units, and thus , 
the rubber tends to exhibits a large change in volume when it 
is placed in contact with oil, especially gasoline. 

DISCLOSURE OF THE INVENTION 
A primary object of the present invention is to provide 
a nitrile group- containing highly saturated copolymer rubber 
which is used as rubber material giving a crosslinked rubber 
product exhibiting a reduced tendency of hardening and being 
changed in volume even when It is placed in contact with oils 
containing residual condensed aromatios, while good resistance 



to rancid gasoline Lb maintained., anfl further to provide a 
Orosslinkable rubber composition comprleing the nitrile 
group -containing highly saturated copolymer rubber, and a 
crosallnke<a rubber product made from the orosslinkable rubber 
product . 

To achieve the above-mentioned object, the present 
inventors made extensive research and found that a crosslinXed 
rubber product made by orosslinklng a nitrile group- containing 
highly saturated copolymer having a special monomer unit 
composition exhibits greatly reduced swelling in oil, excellent 
resiatance to rancid gasoline and greatly reduced hardening in 
oil. Based on this finding, the present invention has been 
completed . 

Thus, in one aspect of the present invention, there is 
provided a nitrile group-containing highly saturated copolymer 
rubber comprising (a) 0 to 20% by weight of 1 , 3-butadiene units, 
(b) 0 to 50% by weight of saturated 1 , 3-butadiene units, Cc) 
40 to 50% by weight of a ^ ;S -ethylenioally unsaturated nitrile 
monomer units, and (d) 10 to 35% by weight and at least 8% by 
mol of other monomer units ^ wherein the sum of 1 , 3-butadiene 
units (a) and saturated 1,3-butadiene units (b) is in the range 
of 20 to 50% by weight. 

In another aspect of the present . invention j there is 
provided a crosslinkabla rubber composition comprising the 
above-mentioned nitrile group -containing highly saturated 
copolymer rubber and a crosslinking agent. 

In still another a^apect Of the present invention, there 
is provided a croeslinked rubber product made by crosslinking 
the above-mentioned orosslinkable rubber composition. 

BEST MODE FOR CARRYING OUT THE INVENTION 
(Nitrile Group -Containing Highly Saturated Copolymer 
Rubber) 

The nitrile group- containing highly saturated copolymer 
rubber of the present invention rubber comprises (a) 0 to 20% 
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tiy weight of 1 , 3-butad±ene units, (b) 0 to 50% by weight of 
saturated l,3-butad±ene units, (o) 40 to 50% by weight of ol , 
)S -ethylenloally unsaturated nitriie monomBr units, and (d) 10 
to 35% by weight and at least 8% by mol of otiier monomer units, 
wlierein the sum of 1 , 3-butadlene unite (a) and saturated 
1,3-butadiene units (b) is in the range of 20 to 50% by weight. 

The content of 1,3 -butadiene units (a) in the tiitrile 
group -containing highly saturated copolymer rubber is in ths 
rang© of 0 to 20% by weight, preferably 0 to 150% by weight and 
more preferably 0 to 10% by weight- VHxen the content of 
1,3-butadiene units (a) is too large # the resulting crosslinXed 
rubber product has poor resistance to rancid gasoline and ozone 
and exhibits a large volume change in oil. 

The saturated 1,3 -butadiene units (b) In the nitrile 
group-containing highly saturated copolymer rubber have a 
structure such that the carbon-carbon double bonds of 1,3- 
butadiene uaits have been saturated by hydrogenation . The 
nitrile group -containing highly saturated copolymer rubber 
having saturated 1,3 -butadiene units (b) can be mad© by 
hydrogenating a nitrile group- containing copolymer rubber 
having 1,3-butadiene units whereby at least part of the 
1,3-butadiane unite is converted to saturated 1,3-butadiene 
unite (ta) . The nitrile group -containing highly saturated 
copolymer rubber having saturated 1,3 -butadiene units (b) can 
also be mad© directly by copolymerlsing 1-butene with 1,3- 
butadlene* an a? , 5 -ethylenically unsaturated nitrile monomer^ 
and other monomer, whereby saturated 1^ 3-butadiene units are 
introduced in polymer. Further, the nitrile group -containing 
highly saturated copolymer rubber having saturated 1,3- 
butadiene units (b) can also be made by copolymerizlng ethylene 
with 1 r3-butadiene, an a , j8 -ethylenically unsaturated nitrile 
monomer, and other monomer, whereby units each composed of two 
adjacent ethylene units are formed as part of the structural 
units in polymer* 

The content of saturated 1,3-butadiene units (b) in the 



nltriie group -containing highly saturated copolymer rubber is 
in the range of 0 to 50% by weight, preferably 10 to 45% by weight 
and more preferably 10 to 45% by weight and more preferably 15 
to 40% by wftight. When the content of saturated 1 ,3-butadiene 
units (b) is too small, the crogslinkad rubber product tends 
to have poor resistance to rancid gasoline. In contrast, when 
the content of saturated 1, 3-butadiene units (b) ia too large, 
the crosslinked rubber product exhibits a large volume change 
in oil- 

The sum of 1,3*- butadiene units (a) and saturated 1,3- 
butadiene units (b) in the nitrile group- containing highly 
saturated copolymer rubber of the present invention is in the 
range of 20 to 50% by weight, preferably 23 to 47% by weight 
and more preferably 25 to 45% by weight, when the sum of 
1,3-butadien© units (a) and saturated 1,3-butadiene units (b) 
is too small, the resulting crosslinked rubber product has poor 
rubber elasticity and Is brittle- In contrast, when the sum of 
1,3-butadlene units (a) and saturated 1, 3-butadiene units (b) 
is too large, the resulting crosslinked rubber product exhibits 
a large volume change in oil. 

As specific examples of the Of , 3 -ethylenioally 
unsaturated nitrile monomer, there can be mentioned 
acrylonitrile; a -halogenoacrylonitrile such as 0! « 
chloroacrylonitrile and Of -bromoaorylonitrile; and o^-alkyl- 
aorylonitrile such as mehacrylonitrile and ethaorylonitrile , 
Of these, acrylonitrile is preferable. The a , j3 -ethylenically 
unsaturated nitrile monomers may be used either alone or as a 
combination of at least two thereof. 

The content of a , 3 -ethylenioally unsaturated Oltrile 
monomer units (o) in the nitrile group- contatining highly 
saturated copolymer rubber is in the range of 40 to 50% by weight, 
preferably 40 to 4B% by weight and more preferably 41 to 46% 
by weight, when the content of , jS -ethylenioally unsaturated 
nitrile monomer units (.0) is too small, the resulting crosslinked 
rubber product exhibits a large volume change in oil* in 



contrast, when the content of a , i3 -ethylenlcally unsaturated 
nitrile monomar units (o) is too large, th© resulting oroaelinked 
rubber product has poor rubber elasticity. 

The monomer units (d] In the nltrile group -containing 
highly saturated copolymer rubber of the present Invention are 
monomer units other than 1 , 3-butadlene units (a), saturated 
X , 3" butadiene units (b), and , iS -ethylenioally unsaturated 
nltrile monomer units (o) . The monomer units (d) have been 
introduced In the nltrile group -containing highly saturated 
copolymer rubber by aopol3^erizing l|3-butadiene, optional 
1-butene and a.n a ^ & -ethylenically unsaturated nltrile monomer 
with other copolymerizable monomer or monomers. 

The copolymerizable monomer or monomers include ce - 
olefin© other than 1-butene, conjugated diene monomers other 
than lr3-butadiene, non- conjugated diene monomers , unsaturated 
carboxylic acid esters, aromatic vinyl monomers, fluorine- 
containing vinyl monomers, unsaturated monocarboxylic acids, 
and unsaturated polycarboxyllc acids and anhydrides thereof* 

The a -olefins other than 1-butene include tho$;e which have 
at least 3 carbon atoms , preferably not more than 12 carbon atoms . 
As specific examples of the a -olefins, there can be mentioned 
propylene, 4 -methyl- l-pentene, l«hexene and 1-ootene. If 1- 
butene is oopolymerized^ it constitutes saturated 1 , 3-butadlena 
units (b) which are regarded as being distinguished from monomer 
unite (d). 

The conjugated diene monomers other than 1, 3-butadlene 
includes those which have at least 5 carbon atoms and preferably 
not more than 12 carbon atoms. As specific examples of the 
conjugated diena monomers other than 1,3-butadiene/ there can 
be mentioned isoprene, 2, 3 -dimethyl- 1,3 -butadiene and 1,3- 
pentadiene. 

As specific examples of the non-con jugated diene monomers , 
there can be mentioned vinylnorbornene, dicyclopentadiene and 
1, 4-hexadiene. 

As specific examples of the a , j3 -ethylenically 



unsaturated carboxylic aoid esters, tliars can be mentioned 
acrylates and methacrylates, which have an alkyl group having 
1 to 18 carbon atoms, such as methyl aorylate, ethyl aery late, 
butyl acrylate, n-dodecyl aorylate, methyl methacrylate and 
ethyl methaarylate ? acrylates and methacrylates , which have an 
alkoxyalkyl group having 2 to 18 carbon atoms, such as 
methOJ^ymethyl aery late and methoxyethyl methacrylate,^ 
acrylates and methacrylatess , which have a cyanoalkyl group 
having 2 to 18 carbon atoms, such as <3i -oyanoethyl acrylate and 
-oyano ethyl aery late } acrylates and methacrylates , which have 
a hydroxyalKyl group having 2 to 18 carbon atoms, such as 
2-hydroxyethyl aery alt©, hydroxypropyl acrylate and 2- 
hydroxyethyl methacrylate; acrylates and methaorylates, which 
have an amlnoalkyl group with alkyl groups each having 1 to 18 
carbon atoms, such as dimethylaminomethyl acrylate r 
dlethylsminoethyl acrylate and dimethylaminoethyl 
methacrylate; acrylates and methaorylates , which have a 
trif luoroalkyl group having 2 to 18 carbon atoms, such as 
trif luoroethyl acrylate and tetraf luoropropyl methacrylate; 
benzyl acrylates having a fluoro-substltuent and benzyl 
methacrylates having a f luoro-subetltuent , such as f luorQben?;yl 
acrylate and f luorobenssyl methacrylate; and unsaturated 
dlcarboxylio acid monoalkyl esters and unsaturated dicarboxylic 
acid dialkyl esters, which have an alkyl group or alkyl groups 
having 1 to 4 carbon atoms r such as monoethyl maleate, dimethyl 
maleate, dimethyl fumarate, dimethyl itaconate, n-butyl 
Itaoonate and diethyl itaconate. 

As specific examples of the aromatic vinyl monomers , there 
can be mentioned styrene, a -fflethylstyrene and vlnylpyridine . 

As specific exarnples of the fluorine- containing vinyl 
raonomere , there can be mentioned f luoroalkyl vinyl ethers having 
a fluoroalkyl group having 2 to 10 carbon atoms, such as 
f luoroethyl vinyl ether, f luoropropyl vinyl ether, 
trlf luoromethyl vinyl ether, trif luoroethyl vinyl ether, 
perf luoropropyl vinyl ether and perf luorohexyl vinyl ether? and 
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f luorine-oontalning vinyl aromatic compounds such as vinyl 
pentaf luorobanzoate; and difluroe thy lone and 
tetraf luoroethylene . 

As Specific ©xamplas of the unsaturated monocar boxy lie 
acids, there can tie mentioned acrylic acid and methacrylic acid. 

As specific examples of the unsaturated polycarboxylic 
acids / there can be mentioned itaoonic acid, fumaric acid and 
maleic acid. As specific examples of the anhydrides of 
unsaturated polycarboxylio acids ^ there can be mentioned 
itaconic anhydride, fumaric anhydride and maleic anhydxiae, 

The content of monomer units (d) in the nltrile 
group- containing highly saturated copolymer rubber is in the 
range of 10 to 35% by weight, preferably 11 to 33% by weight 
and more preferably 12 to 30% by weighty and at least 8% by mol, 
preferably 8 to 30% by mol and more preferably 9 to 30% by mol. 
When the content of monomer units (d) is too small, the resulting 
cro$$linked rubber product tends to harden in oil. In contrast, 
when the content of monomer units (d) is too large, the resulting 
crosslinked rubber product is liable to have greatly reduced 
mechanical strength* 

Ethylene can also be copolymerized- However, when 
ethylene unite are discretely present in the copolymer chain, 
the ethylene units are monomer units (d) . When ethylene units 
form units each composed of two adjacent ethylene units, the 
adjacent ethylene units form saturated 1,3-butadiene units (b) . 
If an even number of continuous ethylene units are present, these 
ethylene units form a half mol number of saturated 1 , 3 -butadiene 
units . If an odd number of continuous ethylene units are present , 
one of the ethylene units form one monomer unit (d) ^d the 
remainder of ethylene units form a half mol number of saturated 
1, 3-butadiene units (b). Thus, if ethylene is copolymerized, 
it is often not clear without analysis whether the resulting 
copolymer is a nitrile group -containing highly saturated 
copolymer rubber of the present invention or not . 

As hereinafter mentioned, when a copolymer compirising 
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1. 3 -butadiene units (a)^ moDOmer units (o) ana monomer units 
(d) is saturated by, for example, hydrogenation, at least part 
of the 1 ; 3-butadiene units (a) baoomes saturated to be thereby 
converted to saturated 1,3-butadlene units (b), and somstimes 
a part of monomer units (d) becomes saturated. The latter 
saturated monomer units are also included In the monomer units 

The sum of monomer units (c) and monomer units (d) is 
preferably in the range of 50 to 80% by weight, more preferably 
53 to 77% by weight and especially preferably 55 to 75% by weight . 
When the sum of monomer units (o) and monomer units id) is too 
small, the resulting crosellnRed rubber product exhibits a large 
volume change in oil . In contrast , when the sum of monomer units 

(c) and monomer units <d} is too large^ the resulting croasllnked 
rubber product becomes has poor rubber elasticity and becomes 
brittle. 

The contents of 1 ,3-butadiene units (a), saturated 
1, 3 -butadiene unite (b), monomer units (a) and monomer units 

(d) can be determined advantageously by employing a combination 
of plural methods selected from nitrogen content -determination 
by semi-micro Kjeldahl method, unsaturation content- 
determination by infrared absorption spectroscopy or iodine 
value determination, and Identification of partial structures 
or content ratio determination by infrared absorption 
spectroscopy, ^H-NMH, ^^C-NMR and pyrolysls gas chromatography. 
Of these, identlfiaatlon of partial structures or content ratio 
determination by ^H-NMR is generally most reliable, but, a 
plurality of peaks in a ^H-NMR chart occasionally coincide with 
each other which render the determination difficult . Therefore , 
a combination of ^H-NMR with other methods is especially 
preferable , 

The nitrile group -containing highly saturated copolymer 
rubber of the present invention preferably has a number average 
molecular weight In the range of 10,000 to 2^000,000, more 
preferably 30 , Ooo to i , 500 ,000 and especially preferably 50 , ooo 
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to 1,000,000. Wien the nxmber average molecular weight Is too 
small, the rubber tends to have too low viscosity and have poor 
mechanical strength such as tensile strength- In contrast , when 
the number average molecular weight is too large ^ the rubber 
tends to have too high viscosity and have poor proocsaabllity , 
The process for producing the nltrile grouE>- Containing 
highly saturated copolymer rubber of the present invention Is 
not particularly limited, but, preferable is a process wherein 
a copolymer of S-butadiene, an , iS -ethylenically unsaturated 
nitrlle monomer and other copolymer i usable monomer or monomers 
is hydrogenated whereby at least part of unsaturated bonds in 
the backbone chain is saturated. For example, a conventional 
process as described in Japanese Unexamined Patent Publication 
No. H8- 100025 can be employed wherein the copolymer is made by 
an emulsion polymerization procedure and then the copolymer Is 
hydrogenated . 

(Crosslikable Rubber Composition) 

The orossllnkable rubber composition of the present 
Invention comprises as essential Ingredients the above- 
mentioned nitrile group -containing highly saturated copolymer 
rubber and a crosslinking agent, and other ingredients as 
optional Ingredients. 

The crosslinking agent is not particularly limited 
provided that it is capable of crosslinking the nitrlle 
group-containing highly saturated copolymer rubber of the 
present invention. However, a sulfur-containing crosslinking 
agent and an organic peroxide crosslinking agent are preferably 
used* 

As specific examples of the sulfur-containing 
crosslinking agent , there can be mentioned sulfur such as powdery 
sulfur and precipitated sulfur; and organic sulfur compounds 
such as 4,4 ' -dithlomorpholiner tetramathylthiuram disulfide, 
tetraethylthiuram disulfide and high molecular weight 
polysulfide. The amount of the sulfur-containing crosslinking 
agent is in the range of 0.1 to 10 parts by weight, preferably 



0.2 to 7 parts by weight and more preferably 0.3 to 5 parts by 
weight, b^sed on 100 parts by weight of the nitrile group- 
containing highly saturated copolymer rubber. When the amount 
of the sulfur- containing crosslinking agent is too small, the 
crosslinking density of rubber is reduced and the permanent set 
becomes large. In contrast, when the amount of the sulfur- 
containing orosalinking agent is too Large, the resulting 
crosslinked rubber is liable to have poor flexural fatigue 
resistance and high, dynamic heat build-up ♦ 

The organic peroxide aro^slinking agent includes flialkyl 
peroxides, diacyl peroxides and peroxyesters , As specific 
examples of the organic peroxide crosslinking agent, there can 
be mentioned dialkyl peroxides Such as dicumyl peroxide, 
di - 1 er t - butyl peroxide , 2,5- dimethyl - 2 , 5 « di ( text - bu tyl- 
peroxy ) - 3 -hexyne , 2,5- dimethyl -2,5-ai(tert- butyl - 
peroxY)hexane and 1 , 3- bis (tert-butyl-peroxyisopropyl) benzene; 
diacyl peroxides such as benzoyl peroxide and isobutyryl 
peroxide; and peroxy esters such as 2,5-dimethyl-2,5* 
bis ( benzoyl -peroxy)hexane and tert-butyl-peroxyisopropyl 
carbonate. The amount of the organic peroxide crosslinking 
agent is in the range of 0.5 to 8 parts by weight, preferably 
0.5 to 7 parts by weight and more preferably 0.5 to 5 parts by 
weight, based on 100 parts by weight of the nitrile group- 
containing highly saturated copolymer rubber. When the amount 
of the organic peroxide crosslinking agent is too small, the 
crosslinking density of rubber is reduced and the permanent set 
becomes large- In contrast, when the amount of the organic 
peroxide crosslinking agent is too large, the resulting 
croeslinked rubber is liable to have poor rubber elasticity r 

The crosslinking agent can be used either alone or as a 
combination of at least two thereof. The crosslinking agent can 
be used as a dispersion in clay, calcium carbonate or silica 
whereby proceaaability is enhanced* 

A crosslinking accelerator can be used in combination with 
a crosslinking agent. The crosslinking accelerator is not 
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particularly limited. The crosslinking accalsrator used in 
combination with a sulf ur-oonta±nlng crosslinklng agent 
includes zinc oxide, thiuram oros slinking accelerators, 
guaniaine orosslinking accelerators, sulfenamid© croeslinking 
accelerators/ thiazole crosalinking aaoelerators and 
dttliiocarbamats orossllnKing accelerators* As specific 
examplee of the crosslinklng accelerator, there can be mentioned 
tniurem crosdlinking accelerators euch as tetramethylthiurazn 
disulfide, tstreethylthiuram disulfide and N,N' -dlmethyl- 
N,N* -diphenylthiuram disulfide; guantdine cro&slinking 
accelerators such as diphenylguanidine , diorthotolylguanidine 
and orthotolylbiguanlde f sulfenamide crosslinklng accelerators 
such as N-cyolohexyl-2-b©nzothlazyl&ialfenamider N^N'- 
diisopropyl-2-benzothia^ylSulfenamide and N -tertiary- butyl - 
2-benzothij5ylsulfenamid6j thiazole crosslinklng accelerators 
such as 2-meroaptobcnzothia2ole and dlbenzothizyl disulfide; 
and dithiooarbamate crosslinklng accelerators such as tellurium 
dimet^r^yldithiocarbamate and zinc dimsthyldithlocarbamate 

As specific examples of the crosslinklng accelerator used 
in combination With an organic peroxide crosslioking agent, 
there can be mentioned trlmethylolpropane trimethaorylate, 
N^N* -m-phenylenedlmalelmlde, trlallyl isocyanurate , 
polyfunotional methacrylate monomers » acrylic acid metal salts 
and methacryllc acid metal salts* These crosslinklng 
accelerators may be used as a combination of at least two thereof 
depending upon thp particularly use of rubber* 

According to the need« various ingredients can be 
incorporated provided that the effect of the present invention 
can be achieved « The ingredients inolude^ for example, a 
reinforcing agent, a filler, an age resister, an antioxidant, 
a light stabilizer, a scorch retarder, a plastici^ier , a 
processing aid, a lubricant, an adhesive mass, a sliping agent, 
a flame retardant, a mildew proof ing agent, an antistatic agent, 
and a colorant. 

Various rubbers, elastomers and resins can be 
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incorporated uiviess the crossllnkabla rubber composition of th^ 
present Invention is substantially injured. As specific 
examples of ^uoh ingredients, there oan be mentioned natural 
rt;ibber, polybutadlene rubber, polyisoprene rubber, acrylic 
rubber, 5tyrone«butadlene rubber^ aorylonitrila-b^tadiene 
rubber, ohloroprene rubber, olefin elastomer, styrene elastomer , 
vinyl chloride elastomer, polyester elastomer, polyamlde 
elastomer, polyuretbane elastomer and polysiioxane elastomer. 
Crossiuiking agents and crosslinking accelerators for 
orosslinking the rubbers, elastomers and resins may be 
incorporated unless the crosslinkable mbbar composition of the 
present invention is substantially injured. 

The crosslinkable rubber composition of the present 
invention can be prepared by mixing together the rubber, the 
crosslinking agent and optional ingredients by employing an 
appropriate mixing method such as roll mixing, Banbury mixing, 
screw mixing or solution mixing- The order of mixing is not 
particularly limited* Preferably, ingredients which are not 
easily thermally decomposed are first thoroughly incorporated 
in the rubber, and then, crosslinking agent and crosslinking 
accelerator , which are readily thermally decomposed , are added 
at a temperature lower than the crosslinking initiating 
temperature for a time as short as possible. 
(Crosslltiked Rubber Product) 

The croselinked rubber product of the present invention 
is made by crosslinking the above-mentioned crosslinkable 
rubber composition. 

The method for making the orosslinked rubber product is 
not particularly limited. A method wherein shaping and 
crosslinking are simultaneously oar:ried out or a method wherein 
shaping is first carried out and then crosslinking Is carried 
out may be employed. An appropriate method is chosen depending 
upon the particular shape of orosslinked product or other factors . 
The method of simultaneously carrying out shaping and 
crosslinking includes, for example, compression molding. 



transfer molding and injection i[tiolding. Tiae method of shaping 
f ollowedby crossXinking includes, for example, a method wherein 
a rubber composition is subjeated to extrualon shaping and then 
crosslinked in a vuloanlzins pan. 

The aros ©linkable rubber composition of the present 
invention is crosslinXed by heating. The heating temperature 
is preferably in the range of 130 to 210*^C^ more preferably 140 
to 200*'C. When the heating temperature is too low, a 
substantially long time is required for orosslinking and the 
crosslinking density Is liable to be reduced. In contrast, when 
the heating temperature is too high^ the crosslinking time Is 
too short and a defective molding is liable to be produced. 

After oroselinking, i.e*, first croeelinklng, the 
crosslinked rubber product may be subjected to second 
crosslinking. The crosslinking time for the first crosslinking 
and the second crosslinking can be chosen depending on the 
crosslinking method, crosslinking density and shape of the 
rubber product. Usually the crosslinking time is ohosen in the 
range of one minute to 20 hours depending upon the orosslinking 
density and the production efficiency. 

The heating mean$ may be appropriately ohosen from those 
which are employed for orosslinking rubbers and which includes, 
for example, press -heating, steam-heating, oven -heating and hot 
air -heating* 

Now the invention will be specifically described by the 
following examples and aomparativ© examples wherein parts and * 
are by weight unless otherwise specified. The properties of 
rubber were evaluated by the following methods, 
(1) Tensile strength and breaking elongation 

A crosslinked rubber composition was shaped into a sheet 
with a thickness of 2 mm. The sheet was die-out by a #3 dumbbell 
die to prepare a specimen* Breaking tensile strength and 
breaking elongation were measured according to JIS K6251 at a 
grip separation speed of 500 mm/min* The smaller the tensile 
strength, and the smaller the elongation, the rubber product 
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has better fitting property. 
(2) Hardness 

A crosslinkeia rubber composition was shapefl into a sheet 
with a thicXness of 2 mm. The sheet was flie^cut to prepare a 
square specimen having a si2se of 25 mm x 15 imti. Hardness was 
lueasurea according to JlS K6253 by using IRHD micro -hardness 
tester. 

C3) Volume change 

A crossllnKed rubber composition was shaped into a Bheet 
with a thickness of 2 mm. The sheet was die -cut to prepare a 
square idpecimen having a dize of25inni><15mm. The specimen 
was immersed in Fuel D (mixed liquid of isoootane/toluene ==3/2 
by volume) at 40^C for 140 hours* The volume change was measured 
according to JIS K6258. 

{ 4 ) Hardening 

A crosslinKed rubher composition was shaped into a sheet 
with a thickn&ss of 2 mm* The sheet was die -cut to prepare a 
square specimen having a size of 25 inm >: 15 mm. The specimen 
was immersed in mixed Fuel D liquid at 40^C for 10 days. The 
mixed Fuel D liquid was prepared by incorporating a condensed 
aromatic mixture of anthracene /phenanthrene -1/1 by weight in 
Fuel D to give an oil containing 2% of the condensed aromatic 
mixture- The specimen was then vacuum-dried for 48 hours and 
its hardness was measured* For comparison, the specimen was 
immersed in Fuel D at 40*^C for 10 days, and than vacuum-dried 
for 4a hours and its hardness was measured. The hardening was 
expressed by the difference between the hardness as measured 
after immersion in Fuel D + condensed aromatic mixture, and the 
hardness as measured after immersion in Fuel D alone • When the 
hardness difference is 5 points or larger, the hardening Is 
regarded as occurred. 
(5) Resistance to rancid gasoline 

A oros si inked rubber composition was shaped into a sheet 
with a thickness of 2 mm. The sheet was die -cut to prepare a 
square Specimen having a sl2a of 25 mm x 15 mm. The specimen 
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was immersed In a test oXl at ^.O^C for 240 hours. The test oil 
was prepared by Inaorporating 3% of lauroyl peroxide into Fuel 
C {mixed llquia of isoootane/toluene =1/1 by volume). After 
imrtiersion. the speoimen was vacuum dried at 23'*C for 24 hours. 
The driefl specimen was folded by 180** and oocnjrrence of cracks 
on the outer surface of folded specimen was observed "by the naked 
eye. When ooourrenoe of craoks is observed, the resistance to 
rancid gasoline is regarded as poor. 

EXi^mnlftH t-7. nnmparfttlva Bxamp.l ftfl 1-7 

100 parts of a nitrile group -containing highly saturated 
rubber having a monomer composition shown in Table l or Table 
2 was Kneaded together with 30 parts of aarbon black N762 ( "Asahi 
#50" available from Asahi Carbon K.K. , average particle 
dlameteri about BO ntn, spaoiflc surface areas about 23 m'/g), 
and 1 part of stearic acid In a Closed mixer having a Jaolcet 
temperature of 50*C. using an open roll having a surface 
temperature of 50^*0. 1.5 parte of tetraethylthiuram disulfide 
< "Nocceler TET" available from Ouchi Shinko K.K. ) and 1.5 parts 
of N-cyolohexyl-2-benzothiazylaulfenamide ("Noooeler CZ" 
available from Ouchi Shinko K.K. ) were simultaneously added to 
the kneaded rubber. Then 0.5 part of sulfur (available from 
Hosoi kagaku Kogyo K.K. . 325 mesh) and 5 parts of ainc oxide 
(available from Seldo Kagaku Kogyo K.K,, purity s higher than 
99.5*) were added in this order. The thus-obtained rubber 
composition was press -molded at 170'C and 9 MPa for 20 minutes 
to prepare a specimen. The physical properties of the specimen 
were evaluated. The results are shown in Table 1 and Table 2. 

EXfltnplp. ft 

100 parts of a nitrile group- containing highly saturated 
rubber having a monomer composition shown in Table l was kneaded 
together with SO parts of oarlxjn black N550 ("Asahi #60" 
available from Asahi Carbon K,K., average particle diameter? 
about 45 nm, speclClo surface area? about 40 m'/g) , i part of 
substituted dlphenylamine ("Naugard 445" available from 
Uniroyal Chemicals Co., and 1 part of 2-mercaptobenzothlazole 
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zinc sdalt ("Nocrao NBZ" a^vallaDle from ouohl Shinko K,KO in 
a closed mixer having a Jacket temparatur© of SO^'C* Using an 
open roll having a surface temperature of 50^C, 1,3- 
bis(tert-lDutyl-psTO3cylsopropyl)benzene ("Vulcup 40KE" 
available from Hercules Co.) was addad to the kneaded rubber. 
The thus -obtained rubber compo^sition was press-molded at 170^C 
and 9 MPa for 20 minutes to prepare a specimen. The physical 
properties of the specimen were evaluated. The results are 
shown in Table 1 . 

The contents of monomer units in the nitrile group- 
containing highly saturated copolymer rubber were measured by 
■^H-NMR, iodine value determination and nitrogen content 
determination by aemi-micro KJeldatil method. It was confirmed 
that there was no contradiction between the amount of monomer© 
consumed for polymerization and the amount of residual monomers - 
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Table 1 



Monomer unit compos itioii af nitrlle 
group -containing highly saturated 
copclym^r rubber 

Ca)l,3-Buta^i6n© units 775566 66 

(b) Hydrogenated butadien.6 units<wt,?S) 28 19 29 32 38 34 34 34 

(c) AcrYlonitr±lQ units (Wt* 56) 44 44 45 42 44 42 42 42 

(d) Butyl acrylate units 21 30 21 21 - - - 
Isoprene units {vrt.%) - - - - 12 18 - - 
StyJ:^6Ile units (wt.%} - - - 18 16 

Monomer units (d) {mol%) 10 15 10 10 10 15 10 10 

Monomar units(a) + (b) (wt,?6) 35 26 34 37 44 40 40 40 

Niimbffx avera<TO molacmar w^Aght^ (xlP^,) 90 91 69 31 6S 9P 97 

Dry physical properties 
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The content of Isoprene units inalude^i contents of isoprene 
units and saturated isoprene units* The content of saturated 
conjugated diene units, namely/ the contents o£ saturated 1,3- 
butadiene units and saturated isoprene units were determined by 
measuring the ratio' thereof by ^H-NMR and by measuring the amount of 
unsaturated bonds x^emaining in the backbone chain. 
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-2^ -fl 5^ ^ 



Monomer unit coraposltion of ultril© 
group -containing highly saturated 
copolymer rubber 



(a)l,3-Butadiene units 
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(bJHydrogenated butadiene unit6(wt.%) 
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(d) Butyl acrylatfe units (wt.?6> 
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A croasllnked product of the nitrile group- containing 
highly saturated copolymer rubber of the present Invention has 
appropriate tensile strength, elongation and hardness « exhibits 
reduced volume change in oil, doee not harden in oil, and has 
excellent resistance to rancid gasoline. 

In contrast, a crosslinked product (Comparative Exawnple 
1) of nitrile group- oontalnijcig highly saturated copolymer 
rubber containing large amounts of monomer unite {a} and monomer 
units (b) but not containing monomer units (d), a orossllnked 
product (Comparative Example 2^ 3) of nitrile group-containing 
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highly saturated copolymer rubber containing large amount 6i of 
monomer tji^itis (a) and monomer units (b) but containing a reduced 
amount of monomer units (d), and a cro^slinked product 
C Comparative Example 6) of nltrlle group- containing highly 
saturated copolymer rubber containing monomer units (d) in a 
sufficient weight % but reduoed mol % poor have a large elongation 
and tends to harden in oil. 

A crosslinked product (Comparative Example 4) of a nltrlle 
group -containing copolymer rubber containing a reduced amount 
of monomer units <c) has a large elongation and exhibits a large 
volume change in oil* A crossllnlted product (Comparative 
Example 5) of a nltrlle group- containing copolymar rubber 
containing too large amounts of monomer units (c) and monomer 
units (d) has poor tensile strength. 

A arosslinked product of the nltrlle group- containing 
highly saturated oopolymsr rubber of the present invention 
exhibits good resistance to rancid gasoline, a reduced volume 
change in oil and does not harden even when it is placed in contact 
with oil containing condensed aromatics^ and good dry physical 
properties - 

INDUSTRIAL APPLICABILITY 
A crosslinked rubber product of the present invention is 
useful as materials for sealing material, cushioning material, 
protective material, wire coating material, and materials for 
belts, hoses, diaphragms, boots and rolls, used In automobiles 
and other transports, general instruments and apparatuses, 
eLectrical and electronic instruments and buildings. 
Especially the crosslinked rubber product is Suitable for 
materials for fuel hoses and sealing materials. 



CLAIMS 



1- A nitril© group -containing highly saturated 
copolymer rubber comprising (a) 0 to 20% by weight of 1,3- 
butadiene units, (b) 0 to 50% by welgbt of saturated 1,3- 
butadiene units, (o) 40 to 50% by weight of a , i8 -ethylenically 
unsaturated nitrlle monomer units, and (d) 10 to 35% by weight 
and at least 8% by mol of other monomer units, wherein the sum 
Of 1,3-butadiene unlta (a) and saturated 1 , 3-butadl©ns units 
(b) is in the range of 20 to 50% by weight • 

2, The nitriie group- containing highly saturated 
copolymer rubber according to claim 1, which comprisee (a) 0 
to 15% by weight of 1,3-butadiene units, (b) 10 to 45% by weight 
of (Saturated 1, 3«butadlene units, (c) 40 to 48% by weight Of 
a , J3 -ethylenioally unsaturated nitrlle monomer units, and <d) 

11 to 33% by weight and S to 30% by mol of other monomer units, 
wherein the sum of 1 , 3-butadiene units (a) and saturated 
1,3 -butadiene units (b) is in the range of 23 to 47% by weight , 

3w The nitrlle group -containing highly saturated 
copolymer rubber according to claim 2, which comprise^ (a) 0 
to 10% by weight of 1,3 -butadiene units, (b) 15 to 40% by weight 
of saturated 1,3 -butadiene units, (c) 41 to 46% by weight of 
a , $ -ethylenioally unsaturated nitrlle monomer units, and (d) 

12 to 30% by weight and 9 to 30% by mol of other monomer units, 
wherein the sum of 1,3 -butadiene units (a) and saturated 

1, 3-butadlene units (b) is In the range of 25 to 30% by \?eight* 
4, The nitrlle group- containing highly saturated 

copolymer rubber according to any one of claims 1 to 3 , wherein 

the sum of monomer units (c) and monomer units (d) is in the 

range of so to ao% by weight, 

5* The nitrlle group- containing highly saturated 

copolymer rubber according to any one of claims 1 to 3, wherein 

the sum of monomer units (c) and monomer units (d) is in the 

range of 55 to 75% by weight. 

6. The nitrlle group- oontaining highly saturated 
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copolymer rubber according to any one of claims 1 to 5, which 
Is a product prepared by hydrogenating a copolymer? of 1^3- 
butadlene, an , i3 -ethylenlcsally unsaturated nltrile monomer, 
and a monomer oopolymerlzable with l,3-butadi©ne and the , 
j3 -ethylenloally unsaturated nitrlle monomer* 

7. The nltrile group -containing highly saturatad 
copolymer rubber according to any one of claims 1 to 6, wherein 
a , 3 -ethylsnically unsaturated nitrile monomer is selected from 
acrylonitrile , - chloroacry lonitr ile , 05 -bromoacrylonitril© , 
methacrylonitrile and ethacrylonltrile • 

8. The Ditrile group- containing highly saturated 
copolymer rubber according to any one of claims 1 to 7, ^hich 
has a number average molecular weight of 10,000 to 2.000,000. 

9. A crcsslinKable rubber composition comprising 100 
parts by weight of the nitrile group- containing highly saturated 
copolymer rubber as claimed in any one of claims 1 to 8, and 
0.1 part to 10 parts by weight of a sulfur- containing 
orosslinking agent or 0»5 part to 8 parts by weight of an organic 
peroxide orosslinking agent. 

10. A croeslinked rubber product made by oroaslinking 
the croeslinkabie rubber compoeition as claimed in claim 6 or 
7. 



ABSTRACT 



A nitrile group -containing highly saturated copolymer 
rubber aomprislng (a) 0 to 20% by weight of 1,3-butaaiene units, 
(b) 0 to 50% by weight of saturated 1,3 -butadiene units, (o) 
40 to 50% by weight of a , 3 -ethylenically unsaturated nitriie 
monomer units, and (d) 10 to 35* by weight and at least 8% by 
mol of other monomer units, wherein the sum of 1, 3 -butadiene 
units (a) and saturated 1 , 3-butadiene units (b) is in the range 
of 20 to 50% by weight. A rubber composition comprising this 
copolymer rubber and a crosslinking agent gives a crosslinked 
product exhibiting good oil resistance, namely > good resistance 
to rancid gasoline and not hardening even ^en it Is placed in 
contact with oil containing condensed arometics. 
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